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(1.) Statement of the problem studied

The overall objective of this grant was to investigate basic research issues on signal processing for demodulation of
multiuser digital wireless communication systems of interest to future U.S. Army terrestrial tactical needs. This study
motivated by the emergence over the past years of the field of multiuser detection from previous ARO-sponsored proj
led by the principal investigators.

A major goal of this project was to design and analyze detectors that could be used with long-sequence CDMA. This i
the Direct-sequence method employed in several civilian and military spread spectrum systems. To that end, random
spreading models are used to obtain succinct figures of merit based on congestion and bandwidth.




(2.) Summary of the most important results

i. Fast adaptive algorithms for linear and nonlinear multiuser
detection based on new scalable architectures.

ii. A new iterative algorithm whose parameters have been
obtained analytically using the theory of asymptotic
distribution of eignevalues of random matrices.

iii. Using random matrix models, we have been able to obtain

a general method to analyze the fundamental limits of multiuser

detectors when used with error control codes and randomly spread CDMA.
The desiger of a CDMA system can use this method to obtain the

optimum coding redundancy/ spreading gain tradeoff.

show that the spectral efficiency of CDMA can be multiplied

by a factor of roughly 4, by increasing receiver complexity

and by increasing the number of users per chip from 1/4

(typical of current systems) to 2.

iv. A general formula which for an arbitrary fading distribution,
number of users to spreading gain ratio, and signal-to-noise ratio
quantifies the gain in spectral efficiency achievable by optimum
nonlinear processing over optimum linear processing.

v. Transmitter Power control strategies that
adjust transmitted power as a function of the
individual slow-fading level in order to maximize spectral efficiency.

vi. In the case of Rayleigh fading, and for any energy per bit

we have shown that optimum transmitted power control enables
the spectral efficiency to be unbounded as the number of users
and the receiver complexity increases.

vii. Analysis and design of multiuser detectors in eavesdropping
environments where there are large power imbalances between
desired and interfering users.
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